Abstract. The study of Z boson production in association with a single heavy flavor jet (gQ → ZQ(Q = b, c)) can provide interesting insight on the heavy quark content of the proton. In addition, this process represents a background to the search for the Higgs boson, when it is produced together with a b quark and decays in the same final states (bb,
INTRODUCTION
The production of electroweak gauge bosons (W ± , Z, γ) together with jets containing heavy-quarks (c, b) is an important process in the hadron colliders environment [1, 2] . The simplest process involves a boson and one heavy-quark jet. The dominant diagrams contributing to Z + Q (where Q represents a heavy quark) in p − p and p −p collisions are shown in figure 1.
In this paper we consider the production of a single Z boson with a b jet.
The NLO cross-section for this process at Tevatron and at the LHC is reported in table 1, [1] .
Z+b jet production has been recently measured by the D0 experiment [3] . The study of this process should be even more interesting at LHC, as can be understood in the table 1, because the contribution of the leading order process, sensitive to the b content of the proton, is more relevant than at Tevatron, the total cross section is larger by a factor 50, and the relative contribution of background processes, mainly Z+c, is smaller.
In this paper we present a preliminary analysis on the potential of the ATLAS experiment to measure the Z+b-jet production at LHC. 
TABLE 1.
Next-to-leading-order inclusive cross section (pb) for Z Boson production in association with heavyquark jets at the LHC ( √ s = 14TeV pp) and Tevatron ( √ s = 1.96TeV pp). The calculations are limited to the case of a jet in a range p T > 15GeV and |η| < 2.5 (LHC) or |η| < 2.0 (Tevatron). The labels on the columns mean: ZQ = exactly one jet, which contains a heavy quark, while Zj = exactly one jet, which does not contain a heavy quark, [1] . 
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ANALYSIS TOOLS
Z+jet samples have been generated using the PYTHIA [4] Monte Carlo.
The events were been processed with a package providing a fast simulation of the detector response via smearing through parametrization resolution functions (Atlfast) [5] .
The generated events were then passed through the full simulation of the ATLAS detector based on GEANT4 [6] , using the detector geometry defined as "DC2" layout, [7] .
Reconstruction is then performed with the official software package (ATHENA [8] ). This package includes dedicated algorithms for the reconstruction of different trigger-objects as such jets, leptons and photons, or B-tagging algorithms. Particularly the reconstruction of single muons uses algorithms that provide the tracks reconstructed in the Muon Spectrometer (MOORE and MUID package [9] ), including the corrections due to the multiple scattering and the energy loss in the inert material as described in details in [9] , [10] and [11] .
EVENT SELECTION CRITERIA
The signal was defined as the sample events containing a Z boson and a b quark with p T ≥ 15GeV and |η| ≤ 2.5. The background samples containing respectively a c quark within the same cuts, or a jet originating from a light quark or a gluon in the same range, were considered separately. The NLO cross-section computed was used for the signal and for these two classes of background, while the LO cross-section given by PYTHIA was taken for the other types of events [12] .
Z+jet Selection
The sample of Z+jet events with the Z boson decays into a couple of muons was selected requiring two high p T muons satisfying following kinematic cuts:
• two muons of opposite charge,
In the case where there are more than two muons satisfying the cuts on the charge and on the p T , all the possible combinations for the di-muons invariant mass are done, and is chosen the pair with the invariant mass in the range 80 ≤ M µµ ≤ 105 GeV. There is a cut on η topology of the muons, according with the coverage of the detector, η must be in the range of |η| ≤ 2.7.
About 64% of signal events are retained after applying these cuts in ATLFAST. The loss is equally due to the η acceptance and to the p T cut. The full simulation and reconstruction decreases this percentage to about 55% of signal events due to the inefficinecy of the reconstruction algorithm in the |η| ≤ 2.0 region, where different tracking detectors are used.
Then in the selected events, a third muon or a b-jet are searched, always within the eta acceptance of the detector, [12] . Two variables: efficiency and purity are used to check the goodness of the criteria applied for the identification of b quark in the sample.
Z+b-jet
The selection of events where the jet originates from a b quark was based on two different tagging methods: soft muon tagging and inclusive b-tagging.
The two methods are completely independent one of the other and this allows the possibility to have a direct cross check of the results obtained.
The soft muon tagging method looks for a third nonisolated muons in the event. Hadrons containing a b quark give origin to prompt muons decays in about 12% of the cases. The efficiency of this method, therefore, cannot exceed this value, however the background is also expected to be small. The "third muon", considered to be the muon from the b hadron decay, will in general be softer and closer to a jet than the muons from the Z decay. The algorithm for the reconstruction and identification of the soft muons have been recently developed in the framework of the ATLAS software and good performance has been achieved for the transverse momenta as low as 4 GeV/c. In this case the final efficiency is about 8% for ATLFAST and less than 5% for the full simulation.
The second analysis was based on the inclusive method for the b-tagging, based on the presence of secondary vertexes and of tracks with high impact parameter with respect to the primary vertex, originated from the decay of the long-lived b-hadrons. The ATLFAST package reproduces the ATLAS b-tagging capabilities by applying the tagging efficiency on the b jets and a mis-tag rate on non-b jets on a statistical basis, for the complete reconstruction the b-tagging algorithm uses the cone method with the analysis on the tracks and vertexes to identify the flavor of the jets.
The final efficiency obtained is about 21% for ATL-FAST and about 15% for the full simulation.
Expected Event Samples
The estimation of the number of events is performed using the cross sections at the NLO multiplying by the branching ratio of the Z boson decay, and taking into account the different efficiencies of selection: the one due to the geometric acceptance, the one for the cuts applied for the di-muons invariant mass and finally the one for the selection of the sample with the jet of a particular flavor.
For the soft muon tagging, the efficiency on the signal events, the expected number of the signal and background events with an integrated luminosity of 30 fb −1 and expected purity of the selected samples were evaluated for different thresholds on the third muon pt, only the p T ≥ 4GeV is shown because it provides the best purity value.
With the fast simulation, the soft muon tagging capabilities are quite optimistic, in that full efficiency and no mistag are assumed for the lepton identification, in the full simulation the results are less good due to a more realistic assumptions on the detector layout, this last case is under study. The purities obtained for the full simulation are reported in table 2.
In the case of b-tagging method the purities obtained for the full simulation are reported in table 3. 
CHECK ON SYSTEMATICS
We have investigated the possibility to control the systematic effects directly from data samples. We focused in particular on the evaluation of b-tagging performance and on the residual background.
The b-tagging efficiency can be checked using benriched samples. Based on previous experience at Tevatron and LEP, we can expect a relative uncertainty ∆ε b /ε b = 5%.
The background in the selected sample is mainly due to mistagged jets from c and light quarks. To check this we can use W+jet sample where no b-jets are present: such events will be available with large statistics and with jets covering the full p T range of the signal. We can therefore expect to estimate the background from 
CONCLUSIONS AND OUTLOOK
The fast simulation of the ATLAS detector has shown that this type of events will be observed with very high statistics and good purity at the LHC.
By the fast simulation the purity obtained cutting on third p T is very high, about 70% with an efficiency of about 8% (remembering that the efficiency is limited by the branching ratio BR(b → µ) ≈ 10%).
Using the complete reconstruction, the efficiencies for the soft muon tagging drop a little, due to the low p T muon (most muons have not be reconstructed in the Muon Spectrometer). Further analysis on this channel is definitely worthwhile.
Given the large statistics of the sample, the precision of the Z+b cross-section measurement will be limited by systematics effects. The possible sources of systematic uncertainty and their impact on the measurements has been evaluated. The systematics related to the b-tagging have been estimated of the order of few %, both for b-tagging efficiency than mistagging inefficiency. The precision of this measurement will be then dominated by other systematics effects not included in this analysis, as luminosity measurement or jet and energy resolution.
The availability of the large sample opens interesting possibilities for the studies of differential distributions: for instance, measuring the cross-section as a function of η and p T of the Z boson would allow the measurements of the b PDF as function of the momentum fraction carried by the quark inside the proton. These items are an additional topic for further studies.
